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^ nrxriv This eventually led (in iw/) to uic 
^CcSon of smallpox, the first disease for 
v^ fL has been deliberately accomplished. 

devdopment of conventional vaccines based 

important application of % p^gens 

diseases, however, are b ^ or 

tracted, and ^"r^,^S^triLh«e. 
^ ^nt^be SS^fcSSTS-hod of con- 
l^T^Z^s Conlcl of a disease does not 
neleSrily imply that everyone is — e to it. If 



most of the population is immune, outbreaks are Urn- 
Td to sporkdE cases because there are not enougfc 
susceptive people to support the spread of epidemics. 
This is known as herd immunity. 

CHARACTERISTICS OF VACCINES 

A vaccine is a suspension of microorganisms (or som| 
trt or product of ttem) that will induce ™« W 
host These microorganisms may be either mrtnta 
Sed) or only attenuated. In the latter case they ^ 
SSng but are so weakened or altered hat they ^ 
no longef virulent; however, they will shU provoke* 
rmmune response. Toxoids (inactivated bactenal ttw 
JEf^S *o induce immunity against their acU| 

f0m Sve attenuated virus vaccines tend to mimic 
actua infection and usually provide better «jnjuri 
San that provided by inactivated vrruses. Examp es 
^vaccines are the Sabin polio vacones and ftd 
uled against yellow fever, measles, rubella a 
mumps § Many attenuated virus vacanes provide 
SngLmuniry without booster mununizabons, a 
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an effectiveness of 95% is not unusual. This long-term 

effectiveness probably occurs because the attenuated 
. viruses tend to replicate in the body, and the original 

dose thereby increases considerably over time. One 
: danger of such vaccines is that the live viruses can 

mutate to a virulent form, although this very rarely 
; happens. 

Viruses for vaccines may be inactivated by treat- 
ment with formalin or other chemicals. Heat is not 
used for this treatment because it is likely to alter the 
; surface components of the virus and thus interfere 
^vith its ability to provoke an effective immune re- 
sponse. Commonly used inactivated virus vaccines 
; include those used in humans against rabies (animals 
sometimes receive a live vaccine considered too haz- 
ardous for humans), influenza, and polio (the Salk 

■ ;polio vaccine). 

In some vaccines, such as that for pneumococcal 
i pneumonia, the antigens are the polysaccharide mole- 
J cules of the bacterium's capsule. These vaccines must 
be readministered every few years, apparently because 

■ these antigens are less effective in stimulating anti- 
; body formation. Experience has also shown that vac- 
cines against enteric bacterial pathogens, such as those 

f Causing cholera and typhoid, are not nearly as effective 
|or long lived as those against viral diseases, such as 
|measles and smallpox. 

Vaccines that are effective against bacteria (includ- 
ing rickettsias and mycoplasmas) and against viruses . 
fiave been produced, but to date no useful vaccines 
^gainst chlamydias, fungi, protozoans, or helminthic 



parasites in humans are in use. However, researchers 
are working hard to develop a vaccine against malaria, 
which is caused by a protozoan parasite (see the box, 
p. 454). 

The principal vaccines used to prevent bacterial 
and viral diseases in the United States are listed in Ta- 
bles 18.1 and 18.2. Recommendations for the adminis- 
tration of some of them are given in Table 18.3. Travel- 
ers who might be exposed to cholera, yellow fever, or 
other diseases not endemic in this country will find 
that current inoculation recommendations are avail- 
able from the U.S. Public Health Service and local pub- 
lic health agencies. 

NEW VACCINE DEVELOPMENT 

A basic problem with developing a new vaccine is the 
need for sufficient quantities of the organism. In some 
cases, this is very difficult — for example, when the 
pathogen does not grow in anything but a living 
human. The early successful vaccines used animal cul- 
tivation — for example, the vaccinia virus for smallpox 
was grown on the shaved bellies of calves, and the 
rabies virus was grown in the central nervous system 
of rabbits. The first vaccine against hepatitis B virus 
used viral antigens extracted from the blood of chroni- 
cally infected humans because no other source was 
available. The successful development of cell culture 
methods for growing human viruses preceded the 
appearance in recent decades of the now familiar vac- 
cines against polio, mumps, measles, and other 
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35-F PRIMARY AND SECONDARY IMMUNE RESPONSES 

The immune response to the body's first encounter with a foreign antigen is called a 
primary immune response to that antigen (Figure 35-7). Most such responses 
involve both cellular and humoral mechanisms. During a primary response, the 
antigen will eventually disappear from the blood, bound by antibody and eaten by 
macrophages. Then * 'suppressor' 1 T lymphocytes cause the clone of B lymphocyte 
cells that is producing antibodies to stop dividing. The clone does not die out, 
however; it remains in the body, an enlarged population of B cells that react to that 
particular antigen. As a result, if the same antigen enters the body again, these cells 
mount a secondary immune response, faster and more extensive than the primary 
response, which quickly eradicates the threat (Figure 35-7). 

Once the immune system has made a primary response to an antigen, it 
retains a "memory" of that antigen. In the humoral immune response, immunologi- 
cal memory consists of the enlarged clone of B lymphocytes sensitized to the anti- 
gen. In the case of cell-mediated responses, we know less about the memory. 

Because each B lymphocyte produces only one, or at most a few, types of 
antibody, the body must build up a memory clone for each antigen it encounters 
before it has an arsenal of secondary responses to most of the microorganisms it 
encounters. This is why babies have so many colds and infections in their first few 
years: they must encounter many antigens, and build up many clones of memory 
cells, before they are immune to as many diseases as the average adult. 

35-G VACCINATION 

Vaccination against a specific disease produces a primary immune response and 
thereby creates an immunological memory, ready to trigger an efficient secondary 
response at the body's first real battle against the disease antigen. The practice of 
vaccination, however, began long before people understood how it works. Arabic 
and Chinese manuscripts more than a thousand years old refer to vaccination against 
smallpox. The wife of the British ambassador to Turkey introduced this ancient 
custom into England in 1718. She vaccinated her daughter by rubbing part of the 
scab from a healed smallpox sore into a small wound in the skin. This introduced a 
few live smallpox viruses into the body, stimulating a primary immune response 
and thereby conferring immunity to smallpox in later life. The snag, of course, is 
that vaccination with even a small amount of live virus might cause a full-blown, 
and possibly fatal, case of smallpox. Edward Jenner, an English physician, found a 



FIGURE 35-7 Primary and secondary 
immune responses. The graph shows 
the amount of antibody to a specific 
antigen detected in the blood of a rab- 
bit. Colored arrows below the graph 
indicate the times of the first and sec- 
ond injections of antigen. The second 
lime the antigen is injected, the rabbit 
produces the specific antibody more 
rapidly and in greater amounts. 



way around this problem in 1796. Jenner noticed that dairy workers who had caught 
the relatively mild disease cowpox from cows seemed to be immune to smallpox. 
He found that rubbing pus from cowpox sores into scratches in the skin prevented 
people from coming down with smallpox later. In this case, the antigens of small* ; 
pox and cowpox are so similar that the same antibodies work against them both, • 
Almost a century later, Louis Pasteur (who introduced the word "vaccine") found a 
safer way to prepare vaccines. He discovered how to attenuate microorganisms, v 
damaging them by heat and other treatments, until they could no longer cause 

disease. . . 

Nowadays, we have vaccines for a number of bacterial and viral diseases, 
including polio and influenza, which proved especially difficult. "Booster shots" 3 
serve to jog the body's immunological memory into producing more antibodies and ? 
more cells, ensuring that there are plenty of memory cells available if a diphtheria or ; 
whooping cough bacterium should invade. 

Several important diseases remain without effective vaccines, including try* . 
panosomiasis and malaria (Chapter 24). Trypanosomes produce many different anti- 
gens, always keeping one jump ahead of the immune system (and vaccine manufac- 
turers) Malaria organisms (Plasmodium species) change their surface antigens at v : 
different stages of the life history (see Figure 24-8). They also shed their surface : 
layers as fast as host antibodies bind, leaving only their empty coats to be engulfed < 
by phagocytes. . . ■■[ 

Smallpox was not only the first disease to be prevented by vaccination but 
also the first disease to be officially declared eradicated by human efforts. The last 
known outbreaks of smallpox occurred in the Indian subcontinent and Africa in the 
late 1970s. Large-scale international vaccination programs greatly reduced the an- 
nual number of smallpox cases, but the disease persisted for many years at low 
levels. The final conquest came after health officials adopted a different strategy: 
searching out pockets of infection (people were given reward money for each case 
they reported), quarantining the victims, and inoculating their friends and relations. 



35-H PASSIVELY ACQUIRED IMMUNITY 

An animal is said to be passively immune when it contains antibodies that were not 
synthesized in its own body. A newborn baby is passively immune, temporarily 
protected from disease by immunoglobulins that reach it from the mother's blood 
before birth. These maternal antibodies are steadily used up over a period of a few 
months until the baby's immune system is sufficiently mature to take over. 

The breast-fed newborn is also protected by colostrum, a thin fluid produced 
by the mammary glands after childbirth before the flow of milk begins. Colostrum 
contains antibodies believed to protect the human infant's digestive tract from infec- 
tions. Once the normal bacterial inhabitants of the digestive tract become estab- 
lished, they themselves suppress the invasion of dangerous newcomers. Human 
babies do not absorb antibodies from colostrum into the blood, although the young 
of some other mammals do. 

Passive immunity can also be used medically. Some antigens are so virulent 
that the body's own primary immune response has little chance of averting serious 
damage or death. If by some mischance such an antigen enters the body, the victim 
can sometimes be protected temporarily by injections of antibodies produced by 
another animal. These antibodies are usually prepared by giving several small injec- 
tions of an antigen to a horse and later collecting samples of the horse's blood, 
which now contains antibodies to that antigen. The horse's serum can then be stored 
until it is needed to protect a patient from that specific antigen, such as tetanus or 
snake venom. Such injections should not be used lightly, however, because the 
recipient will produce an immune response to the horse proteins in the serum; this 
might produce a dangerous secondary reaction if the patient were ever again in- 
jected with horse serum. 
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